Introduction
Dioscorea spp. of yam contains approximately 600 species and already sustains many livelihoods in the tropics and subtropics, especially in Africa where important commercial scale production of a few species is practiced (Ngo-Ngwe et al. 2015) . Dioscorea bulbifera globally known as aerial yam or air potato is distinguished from the other Dioscorea species by having special aerial bulbils which appear at the base of the leaf petioles (Croxton et al. 2011; Silva et al. 2016 ). Aerial yam is of great economic, social and cultural relevance in many tropical countries (Tortoe et al. 2012) . It is surprisingly underutilized and could do more to help in addressing the world's present food security issues. It is a tropical climbing plant species originating from Asia and Africa and characterized by edible aerial tubers known as bulbils (Lebot 2009; Govaerts 2007) . Different plant parts are widely used in traditional and modern medicine because of their high https://doi.org/10.1515/opag-2018-0020
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Materials and Methods

Experimental site and plant material
The experiment was conducted during the 2016 cropping season at the Research and Teaching Farm of the Faculty of Agronomy and Agricultural Sciences of the University of Dschang, located in the Western Region of Cameroon. The experimental site is located at 5°20' N latitude and 10°05' E longitude and at a mean altitude of 1407 m above the sea level. Here, the annual rainfall ranges from 1800 to 2000 mm with an average annual air temperature and relative humidity of 20.50°C and 76.80%, respectively. Planting material consisted of the bulbils of 57 D. bulbifera accessions, sourced from market places and farmed fields in seven out of the ten administrative regions, covering three distinct agro-ecological zones of Cameroon. The list of the different accessions used for the study is presented in Table 1. therapeutic potential (Narula et al. 2003; Ghosh et al. 2012) . Dioscorea species are reported to be good sources of essential dietary nutrients and are highly recommended by dieticians (Shanthakumari et al. 2008) Managing crop genetic resources within a vulnerable environment driven by ecosystem destruction and climate change remains the challenge of the conservation biology (Primack 2012 ). The situation is worsened for locally valuable species with unclear conservation status such as D. bulbifera (Croxton et al. 2011) . Assessing the genetic variability of a crop collection is central for crop conservation and improvement. Local landraces can contribute significantly to the genetic variation of a crop (Zeven 1998; Joshi et al. 2012 ) and can be the backbone of any crop improvement program. The efficiency of this program relies on the nature of the genetic material at the disposal of the breeder .
Agro-morphological traits have been used extensively in studying genetic variation in plants. They are more direct, convenient and less costly compared to molecular markers (Govindaraj et al. 2015) . Studies on genetic diversity in Dioscorea species using morphological approaches have been carried out in Africa (Norman et al. 2011; Dansi et al. 2013; Tewodros and Gatechew 2013) , Brazil (Bressan et al. 2011) and Asia (Islam et al. 2011; Sheikh and Kumar 2017) . Few studies focus on D. bulbifera. In Cameroon, aerial yam is distributed across three out of the five existing agro-geographical zones where their bulbils are collected and used for food and medicinal purposes (Kuete et al. 2012 Mahalanobis (1936) . The different pairwise genetic distances were tested for significance using Fisher's t-test. All these analyses were performed using XLSTAT version 2014 (Addinsoft 2014) and Prism 6.0 (GraphPad Software, Inc, USA) computer software programs.
Ethical approval:
The conducted research is not related to either human or animals use.
3 Results:
Phenotypic diversity
Twenty of the 23 qualitative traits (89.96%) showed variation among the 57 indigenous aerial yam genotypes. No variation was observed for traits such as twining direction (TWINDIR), leaf type (LTYPE) and leaf apex shape (LAS) ( Table 4 ). The number of observed phenotypic classes ranges from 1 (monomorphic trait) to 6 (young leaf
Statistical analysis
To assess the overall phenotypic diversity of each qualitative character for all accessions, the observed (Na) and the effective (Ne) numbers of phenotypic classes were calculated. Phenotypic class frequencies were used to compute gene diversity (He) after Nei (1987) and the Shannon-Weaver diversity index (H'). The Nei's gene diversity was calculated as follow: He = 1 -∑x i 2 . The ShannonWeaver diversity index was estimated as suggested by Jain et al. (1975) using this formula: H' = -∑x i log e (x i ), with x i representing the relative frequency of the i th phenotypic class of a trait. Mean values of each quantitative trait were computed and used for statistical analysis. For each quantitative trait, the data collected was submitted to the analysis of variance (ANOVA) to test the variations among agro-ecological zones and accession clusters. Genetic diversity estimates for qualitative traits were also tested for difference among agro-ecological zones using ANOVA. Quantitative data were further analyzed using Euclidian distance coefficients. Hierarchical cluster analyses were then carried out from these coefficients and to produce a dendogram via the Unweighted Pair Group Method with Arithmetic Mean (UPGMA). Pearson correlation coefficients were computed to assess the association among the different phenotypic traits. The same data Trait abbreviations: see Table 2 gene diversity (He = 0.272±0.019) and the Shannon-Weaver diversity index (H' = 0.450±0.034) were significantly lower compared to the western highland zone (Na = 2.303±0.087, Ne = 1.719±0.051, He = 0.342±0.020 and H' = 0.566±0.035) and the humid monomodal forest zone (Na = 2.565±0.124, Ne = 1.697±0.072, He = 0.322±0.028 and H' = 0.548±0.048) (Table 5) . Statistically, the western highland zone and the humid monomodal forest zone presented similar values for genetic diversity parameters assessed (Table 5) . For the different quantitative traits measured, the coefficients of variation are presented in Table 3 . The highest coefficient of variation values, exceeding 50%, were observed for the number of branches on the main stem (111.73%), skin thickness (81.11%), bulbil weight (59.49%), number of bulbil per plant (63.05%) and fruit yield (85.21%). The lowest coefficient of variation found was the number of colour) with a total of 66 phenotypic classes observed for the 23 qualitative traits studied. A mean of 2.870 ± 0.200 phenotypic classes per individual qualitative trait was observed (Table 4 ). The mean effective number of phenotypic classes was Ne = 1.720 ± 0.09, with values ranging from 1 (monomorphic trait) to 3.190 (young leaf colour). The overall mean of Nei's gene diversity and Shannon Weaver diversity index were 0.340 ± 0.04 and 0.590 ± 0.06 respectively (Table 4 ). Nei's gene diversity ranged from zero (monomorphic trait) to 0.680 (young leaf colour) and Shannon Weaver diversity index ranged from zero (monomorphic trait) to 1.350 (young leaf colour) ( Table 4) . Analysis of variance revealed that in the bimodal humid forest zone, the number of observed phenotypic classes (Na = 2.087±0.088), the effective number of phenotypic classes (Ne = 1.543±0.050), the expected Nei's (Table 9 ). The first six principal components explained a cumulative 75.34% of the total variance ( Table 9 ). The first principal component (PC1), were correlated with stem diameter, leaf length and width, bulbil diameter and weight. The second component (PC2) was associated with skin thickness, number of bulbils per plant and tuber yield. The third principal component (PC3) was correlated with plant height, number of leaves, and bulbil width. PC4 was connected to time to germination, number of stem per plant, and time to the first bulbil appearance. PC5 was linked to time to first leaf appearance and PC6 correlated with the number of branches on main stem.
Discussion
The the amount of genetic variability in a crop species is vital in initiating a breeding program and is a central dogma for the development of superior cultivars. Likewise, the use of appropriate descriptors is essential for diversity expression. The descriptor list for Dioscorea spp. developed by IPGRI/IITA (1997) was found to be a useful tool in assessing the available genetic variation among D. bulbifera genotypes from Cameroon. The data which have been collected and analysed in the present study have shown significant variability in the genotypes tested, providing large scope for management of the breeding agenda in this species. The general appearance of the plant, tuber and/or bulbils traits in Dioscorea spp are of great importance in identifying cultivars (Dansi et al. 1999; Adaramola et al. 2016 (Table 3) . Based on ANOVA, twelve out of the sixteen quantitative traits showed significant differences when comparing genotypes derived from different agro-ecological zones. Bulbil weight, number of bulbils per plant and bulbil yield were significantly lower in genotypes from the bimodal humid forest zone compared to genotypes from the western highland zone and humid monomodal forest zone (Table 5) 
Genetic divergence and cluster analysis
The UPGMA dendrogram from the hierarchical cluster analysis (HCA) divided the 57 genotypes into different clusters with Euclidean distance dissimilarities (Figure 1 ). The dendrogram identified six major clusters: I, II, III, IV, V and VI. Cluster I was the largest with 30 genotypes, followed by Cluster III (16 genotypes). Cluster IV and II included five and four genotypes respectively. Cluster V and VI had only one genotype each. Mean values of all quantitative traits for each cluster are presented in Table 7 . Cluster I is characterized by genotypes with important bulbil yield, higher number of bulbils and leaves per plant than those of the remaining clusters. Cluster II has the characteristic of taking the maximum number of days from planting until germination. Cluster III is characterized by higher leaf length and width. Cluster IV possessed the highest plant height and Cluster V the biggest bulbil width. Cluster VI is characterized by the greater skin thickness. Clustering pattern and average inter-cluster mahalanobis D 2 distances are presented in Table 8 . The Minimum and maximum Mahalanobis D 2 inter-cluster distances were 7.352 and 132.167 respectively, observed respectively between clusters III and IV and between cluster II and VI. Almost all clusters showed highly significant (P<0.01) difference among each other, apart from the distances between cluster II and IV (p= 0.190) and between III and IV (p = 0.261) which did not diverge from each other.
Character association and principal component analysis
The 16 quantitative traits produced one hundred and twenty associations with their correlation coefficients and their significances presented in Table 6 . Among these .178 0.043 * Na = Number of observed phenotypic classes; Ne = Number of effective phenotypic classes. He = Nei's genetic diversity; H' = Shannon-Weaver diversity index. ***: Significant at 0.001 probability level, **: Significant at 0.01 probability level; *: Significant at 0.05 probability level; NS : Not significant. Means followed by the same letter in the same row are not significantly different at p = 0.050 probability level between morphological traits (Sharma 1988) . A high coefficient of variation indicates a wide range while a low coefficient of variation designates only a small range of the measured trait. With the exception of the time from planting until first bulbil appearance, large coefficients of variation (exceeding 20%) were recorded for yield components and other studied quantitative traits (Table 3) . These results indicate that there is a large and readily exploitable genetic variability among the aerial yam accessions studied here. This significant variability among D. bulbifera genotypes was expected, since the study was carried out on genotypes sourced from different backgrounds. Likewise, Tewodros and Gatechew (2013) using morphological descriptors also reported the existence of important genetic variation among D. bulbifera accessions from different locations and agro-ecological sites in Ethiopia. Similar observations have been reported for other Dioscorea species such as D. alata (Bressan et al. 2011) and D. dumetorum (Adeigbe et al. 2015) as well as other root and tuberous species such as Manihot esculenta Crantz (Kosh-Komba et al. 2017) . D. bulbifera is a dioecious plant species like most of Dioscorea spp. Therefore, the variability observed may be associated with cross pollination and sexual recombination (Tostain et al. 2007) . Variability in this species may also have arisen as a result of natural mutation and long term selection occurring in the course of its ongoing domestication process in some agro-ecological zones (western highland and monomodal Trait abbreviations: see Table 2 . ***: Significant at 0.001 probability level, **: Significant at 0.01 probability level; *: Significant at 0.05 probability level; NS : Not significant (Mignouna and Dansi 2003; Hasan et al. 2008) . This suggestion is supported by the higher value of diversity parameters obtained in the highlands and monomodal forest zone where the species is already being cultivated as compared to other more recent collections from the bimodal forest zone. The domestication process consists of bringing a new species into cultivation after selection and vegetative multiplication of preferred locally acknowledged morphotypes (Padonou et al. 2017) . In time, this process leads to positive change in the morphological and biochemical traits at tuber level and sometimes new cultivars as observed in some yam species (Mignouna and Dansi 2003 and Gatechew 2013) . The fifty-seven analyzed genotypes were grouped into six distinct clusters using dissimilarity coefficients. The federation of genotypes into different constellations did not follow any specific pattern or parallelisms. The grouping was found to be independent of the geographical region and the agro-ecological zones distributions. This grouping of diverse genotypes from different localities of origin into a cluster might be due to unidirectional selection practiced by farmers and breeders in their search for promising genotypes. Such results were already reported in aerial yam (Tewodros and Gatechew 2013), pomegranate (Raina et al. 2015) , gladiolus (Sharma et al. 2017 ) and mango (Manchekar et al. 2011 ). Phenotypic plasticity is highly common in plants which usually express plasticity for a number of morphological traits, such as organ size (Sultan 2003) . This clustering of accessions independently of the place of origin suggests the presence of important plasticity in the studied Dioscorea bulbifera accessions. As cluster I comprising 30 genotypes shows the highest performance for fruit yield, number of bulbils and number of leaves per plant, each of the other clusters has higher means for others quantitative traits (Table 7) . This shows that each cluster is associated with a particular breeding value and these characteristics help breeders in parental selection and improvement of different traits based on the merit of each cluster. As highlighted by Gemechu et al. (1997) , cluster performance and inter-cluster distance should both be considered when selecting genotypes from a particular cluster for breeding. As the Mahalanobis D 2 inter-cluster distance varied from 7.352 to 132.167, the pair-wise distance between clusters, presented in Table 8 , shows that the distance between most of the clusters was highly significant (P < 0.01). This suggests significant diversity among genotypes in these different clusters. Minimum cluster distance points to a low genetic difference among the genotypes of these clusters. However, maximum inter-cluster distance is indicative of wide genetic divergence among genotypes of those clusters. Crossing of genotypes with high intercluster distance can be expected to produce more genetic variability and desirable recombinants than would crosses with smaller inter cluster distance. As suggested by Raina et al. (2015) , breeders should focus on clusters with maximum distance for their hybridization program because maximum distinct parents can be obtained through segregation. Therefore for example, crossing of genotypes from cluster I and VI, II and VI are likely to produce desirable recombinants for bulbil yield. For a crop species, it is known that the correlations between morphological traits are important and useful in designing a proper and effective crop improvement program. As fruit yield is known to be a complex trait, direct selection may be difficult and the identification of highly correlated characters therefore appears more appropriate. This study has revealed positive correlations between the number of branches on the main stem and bulbil yield, bulbil diameter and bulbil yield, number of bulbils per plant and bulbil yield. Some of these traits such as number of branches on the main stem and bulbil diameter can be considered in early selection for yield improvement in D. bulbifera. The important number of clusters obtained indicates a high level of diversity in the studied genotypes. This was confirmed by principal component analysis. The first six principal components composed explained 75.34 % of the total variation. Likewise, Tewodros and Gatechew (2013) classified forty-seven genotypes of aerial yam into six distinct clusters using 32 morphological traits with the first six principal components explaining 85.30% of the total variation, confirming the diverse genetic base and great breeding potential of this species.
Conclusion
Dioscorea bulbifera accessions from the western highland and humid monomodal forest zones were found to have significantly more phenotypic classes per trait and more important gene diversity, compared to accessions from the bimodal humid forest zone. Each of the studied genotypes had specific phenotypic features and this detail reinforces the value of collection of promising plant material using judgement of phenotypic features. Genotypes with desirable agronomic traits such as bulbil yield; higher number of bulbils per plant; greater bulbil weight; rapid bulbil and leaf appearance; higher number of branches on the main stem were also identified in this study. These discriminatory traits are discussed and proposed for aerial yam conservation and for use in genetic improvement. The significant correlation found among some important traits could be exploited in breeding effort and genetic improvement of D. bulbifera.
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